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For: SEMICONDUCTOR DEVICE 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, DC 20231 

Sir: 

Prior to examination of the above-referenced application, please amend the appUcation as 
follows: 

IN THE SPECIFICATION: 

Please replace the paragraph beginning at page 30, line 21, continuing on to page 31, with 
the following rewritten paragraph: 

--FIG. 14(a) is a schematic top view showing a diode element 500 included in a 
semiconductor device of this embodiment, and FIG. 14(b) is a schematic cross-sectional view of 
the diode element 500 taken along line b-b' of FIG. 14(a). The diode element 500 includes a 
first unit cell 10 in a first conductive type semiconductor layer (N-well) 30 and a plurality of 
second unit cells 20 formed in the first unit cell 10. In this embodiment, the first unit cell 10 
viewed from the normal line direction of the substrate is for example, square in shape (the length 
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of each side: about 25^m), and the second unit cells 20 are also square in shape (the length of 
each side: about 5|im). For example, four second unit cells 20 are formed in the first unit cell 10. 
A spacing 15 between the first unit cell 10 and the second unit cells 20 is for example, about 
2iam.~ 

IN THE CLAIMS: 

Please amend the claims as follows: 

3. (Amended) The semiconductor device according to claim 1, wherein a dimension that 
defines a size of each of the first semiconductor region and the second semiconductor region is 
substantially a same as a minimum dimension that is allowed by a design rule for the 
semiconductor device. 

4. (Amended) The semiconductor device according to claim 1, wherein each of the first 
semiconductor region and the second semiconductor region viewed from a normal line direction 

is substantially square in shape. 

5. (Amended) The semiconductor device according to claim 1, wherein the first unit cells 
and the second unit cells are arranged in a checkered pattern in the first conductive type 
semiconductor layer. 
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6. (Amended) The semiconductor device according to claim 1 , wherein the first unit cell 
and the second unit cell are arranged in the fost conductive type semiconductor layer with a 
predetermined distance to each other, and on an intercell region that is positioned between the 
first unit cell and the second unit cell in the first conductive type semiconductor layer, a gate 
electrode structure including at least an insulating layer formed on the cell region and a 
conductive layer formed on the insulating layer is formed. 

9. (Amended) The semiconductor device according to claim 1, further comprising a second 
conductive type semiconductor layer, wherein the first conductive type semiconductor layer is 
formed on the second conductive type semiconductor layer. 

1 1 . (Amended) The semiconductor device according to claim 9, wherein the second 
conductive type semiconductor layer is a semiconductor substrate, and the first conductive type 
semiconductor layer is a well region formed in the semiconductor substrate. 

12. (Amended) The semiconductor device according to claim 1, wherein the first conductive 
type semiconductor layer is formed on an insulating layer. 

13. (Amended) The semiconductor device according to claim I, fiirther comprising an 
analog circuit section and a digital circuit section, wherein the diode element is formed in the 
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analog circuit section, and the analog circuit section and the digital circuit section are produced 



by a CMOS process. 



REMARKS 



The above-referenced appUcation is amended to delete the muUiple dependency of claims 
3-6, 9 and 11-13 to avoid the multiple dependent claim fihng fee and to make changes to the 
specification. Attached hereto is a marked-up version of the changes made. Entry of this 
preliminary amendment is respectfully requested. 



Respectfully submitted, 
MCDERMOTT, WILL & EMERY 




Washington, DC 20005-3096 
(202) 756-8000 MEF:pip 
Date: December 17, 2001 
Facsimile: (202) 756-8087 
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MARKED-UP VERSION OF AMENDMENTS 
IN THE SPECIFICATION: 

The paragraph begiiming at page 30, line 21, continuing onto page 31, has been amended as 
follows: 

FIG. 14(a) is a schematic top view showing a diode element 500 included in a 
semiconductor device of this embodiment, and FIG. 14(b) is a schematic cross-sectional view of 
the diode element 500 taken along line b-b' of FIG. 14(a). The diode element 500 includes a 
first unit cell 10 in a first conductive type semiconductor layer (N-well) 30 and a pluraUty of 
second unit cells 20 formed in the first unit cell 10. In this embodiment, the first unit cell 10 
viewed from the normal line direction of the substrate is for example, square in shape (the length 
of each side: about 25[5] l^ni), and the second unit cells 20 are also square in shape (the length of 
each side: about 5 [25] M-m). For example, four second unit cells 20 are formed in the first unit 
cell 10. A spacing 15 between the first unit cell 10 and the second unit cells 20 is for example, 
about 2|ain. 

The claims have been amended as follows: 

3. (Amended) The semiconductor device according to claim 1 [or 2], wherein a dimension 
that defmes a size of each of the first semiconductor region and the second semiconductor region 
is substantially a same as a minimum dimension that is allowed by a design rule for the 
semiconductor device. 
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4. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 3], 
wherein each of the first semiconductor region and the second semiconductor region viewed 
from a normal line direction is substantially square in shape. 

5. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 4], 
wherein the first unit cells and the second unit cells are arranged in a checkered pattern in the 
first conductive type semiconductor layer. 

6. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 5], 
wherein the first unit cell and the second unit cell are arranged in the first conductive type 
semiconductor layer with a predetermined distance to each other, and on an interceli region that 
is positioned between the first unit cell and the second unit cell in the first conductive type 
semiconductor layer, a gate electrode structure including at least an insulating layer formed on 
the cell region and a conductive layer formed on the insulating layer is formed. 

9. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 8], 
further comprising a second conductive type semiconductor layer, wherein the first conductive 
type semiconductor layer is formed on the second conductive type semiconductor layer. 

1 1 . (Amended) The semiconductor device according to claim 9 [or 10], wherein the second 
conductive type semiconductor layer is a semiconductor substrate, and the first conductive type 
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semiconductor layer is a well region formed in the semiconductor substrate. 



12. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 8], 
wherein the first conductive type semiconductor layer is formed on an insulating layer. 

13. (Amended) The semiconductor device according to claim 1 [any of claims 1 to 12], 
further comprising an analog circuit section and a digital circuit section, wherein the diode 
element is formed in the analog circuit section, and the analog circuit section and the digital 
circuit section are produced by a CMOS process. 
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DESCRIPTION 



SEMICONDUCTOR DEVICE 



5 Technical Field 

The present invention relates to a semiconductor 
device, in particular, a semiconductor device including a 
high-performance diode element that occupies only a small 
area. 

10 

Background Art 

In recent years, with the development of a system LSI 
directed to a one-chip solution, the importance of an analog 
CMOS circuit in which an analog circuit is realized by the 

15 production process of a CMOS circuit (complementary 
electric-field transistor circuit) has been increased. In 
the system LSI by the CMOS process, the performance of the 
LSI often depends on the performance of the analog CMOS 
circuit, and thus it is very important to design a high- 

20 perfomance analog circuit. When designing a high- 
performance analog circuit, it is necessary to provide a 
reference voltage circuit or a reference current circuit in 
order to eliminate influences such as noise from a digital 
circuit block or fluctuations of a power supply voltage as 

25 much as possible. Moreover, in order to reduce power 
consumption or to match different voltages between a circuit 
for protecting an internal circuit from external noise and 



the internal circuit with each other, it is also necessary 
to provide a voltage converter circuit or the like. 

When a reference voltage circuit that is required to 
design a high-performance analog circuit is constituted with 
5 a Zener diode, the power supply voltage increases and the 
problem that noise is generated in the circuit occurs. Thus, 
instead of the reference voltage circuit using a Zener diode, 
a reference voltage circuit using a bandgap reference has 
been utilized in the LSI. In the case of a CMOS LSI, a 

10 bandgap reference circuit including a diode utilizing a pn 
junction of a MOS transistor has been used in view of both 
the production cost and the fact that it can be realized by 
using the same process as that for a digital circuit block. 
In order to improve the precision of the analog circuit in 

15 the system LSI, it is necessary to improve the precision of 
the bandgap reference circuit utilizing a diode. To achieve 
this, it is indispensable to develop a diode having 
excellent characteristics . 

On the other hand, with a demand for reduction in the 

20 chip area of the LSI, reduction in the chip area of the 
system LSI is also in demand and miniaturization of an 
analog/digital mixed LSI is in progress. However, unlike a 
digital circuit section that can be comparatively easily 
miniaturized, in the case of an analog circuit section, it 

25 is difficult to reduce the area of the analog circuit 
section because it is necessary to consider non-uniformity, 
temperature dependency and the like. In order to reduce the 



chip area of the analog/digital mixed LSI, how much the 
analog circuit section area can be reduced is an important 
point. Therefore, it is important to reduce the area that a 
diode element provided in the analog circuit section 
5 occupies . 

The inventors of the present invention examined the 
structure of a diode element 1000 as shown in FIG. 15. FIG. 
15(a) is a schematic top view showing the diode element 1000, 
and FIG. 15(b) is a schematic cross-sectional view of the 

10 diode element 1000 taken along line b-b' of FIG. 15(a). 

The diode element 1000 has a structure that can be 
comparatively easily produced by using the CMOS process, and 
includes a diffusion region 122 formed in the center of 
an N-well region (NW) 130, an element isolation region oxide 

15 film (an oxide film for isolating the elements) 132 
surrounding the outer circumference of the diffusion 
region 122, and an N* diffusion region 112 surrounding the 
outer circumference of the element isolation region oxide 
film 132. A P-well region (PW) 136 is formed around the N- 

20 well region 130 and a P"^ diffusion region 134 is formed in 
the P-well region (PW) 136 so as to enclose the element 
isolation region oxide film 132 that is positioned around 
the N"^ diffusion region 112. 

The P* diffusion region 122 and the diffusion region 

25 112 are formed in the N-well region 130, and a pn junction 
is formed on a junction face between the P"^ diffusion region 
122 and the N-well region 130. Therefore, a diode can be 



constituted by using the P"*" diffusion region 122 as an anode 
and the N"" diffusion region 112 as a cathode. In the diode 
element 1000, one diode includes a junction of a pair of p 
and n, and therefore as the pn junction area (i.e., the 
5 bottom area of the diffusion region 122) increases, the 
current capacity of the diode element 1000 increases . 
Unlike the N"^ diffusion region 112 or the P* diffusion 
region 122 that have comparatively low electrical 
resistances, the N-well region 130 has a comparatively high 

10 electrical resistance, and thus a parasitic resistance 140 
exists in the N-well region 130. This parasitic resistance 
140 is connected in series to the diode constituted by the 
pn junction between the P"^ diffusion region 122 and the N- 
well region 130. Thus, the parasitic resistance 140 of the 

15 N-well region 130 causes a voltage drop of the diode. As a 
result, the current capacity of the diode element 1000 is 
decreased. Therefore, in order to design the diode element 
1000 such that a desired current capacity can be obtained, a 
layout is designed after determining a P* diffusion region 

20 size 124 that defines the bottom area of the P* diffusion 
region 122 and a distance (a distance between the P"^ 
diffusion region 122 and the diffusion region 112) 114 
that defines the magnitude of the parasitic resistance 130. 

However, when the diode element 1000 is designed so as 

25 to have a higher current capacity, it is necessary to 
increase the size of the P"" diffusion region 122 that is 
positioned in the center of the N-well region 130, and thus 



the distance from the center of the P"^ diffusion region 122 
to the N"^ diffusion region 112 increases. As a result, the 
parasitic resistance 140 of the N-well region 130 increases. 
Since the parasitic resistance 140 decreases the current 
5 capacity of the diode element 1000, further increase in the 
size of the P"^ diffusion region 122 is required in order to 
obtain a desired current capacity, and as a result, 
reduction in the chip area is inhibited. Furthermore, the 
parasitic resistance 140 decreases the current capacity of 
10 the diode element 1000 more increasingly with increasing 
diode current (ID). Therefore, this phenomenon is a problem 
particularly when a comparatively high current flows through 
the diode element 1000 with a certain P"^ diffusion region 
size 124. 

15 The present invention is carried out in view of the 

above, and has a main object of providing a semiconductor 
device including a high-performance diode element that 
occupies only a small area. 

20 Disclosure of invention 

A semiconductor device of the present invention 
includes a first conductive type semiconductor layer; at 
least one first unit cell including a first conductive type 
first semiconductor region formed in the first conductive 
25 type semiconductor layer and a contact region for 
electrically connecting the first semiconductor region to a 
line; and at least one second unit cell including a second 



conductive type second semiconductor region formed in the 
first conductive type semiconductor layer and a contact 
region for electrically connecting the second semiconductor 
region to a line, and the first unit cell and the second 
5 unit cell act as a diode element in cooperation. 

It is preferable that the at least one first unit cell 
is a plurality of first unit cells and the at least one 
second unit cell is a plurality of second unit cells. 

It is preferable that a dimension that defines a size 

10 of each of the first semiconductor region and the second 
semiconductor region is substantially the same as the 
minimum dimension that is allowed by a design rule for the 
semiconductor device. 

It is preferable that each of the first semiconductor 

15 region and the second semiconductor region viewed from a 
normal line direction is substantially square in shape. 

It is preferable that the first unit cell and the 
second unit cell are arranged in a checkered pattern in the 
first conductive type semiconductor layer. 

20 In an embodiment, the first unit cell and the second 

unit cell are arranged in the well region with a 
predetermined distance to each other, and on an intercell 
region that is positioned between the first unit cell and 
the second unit cell in the first conductive type 

25 semiconductor layer, a gate electrode structure having at 
least an insulating layer formed on the cell region and a 
conductive layer formed on the insulating layer is formed. 



In an embodiment, the present invention further 
includes a gate line electrically connected to the gate 
electrode structure. 

In an embodiment, a plurality of second unit cells are 
5 formed in the first semiconductor region of one first unit 
cell. 

In an embodiment, the present invention further 
includes a second conductive type semiconductor layer, and 
the first conductive type semiconductor layer is formed on 
10 the second conductive type semiconductor layer. 

In an embodiment, the first unit cell formed in the 
first conductive type semiconductor layer is used as a base, 
the second unit cell is used as an emitter, and the second 
conductive type semiconductor is used as a collector. 
15 In an embodiment, the second conductive type 

semiconductor layer is a semiconductor substrate, and the 
first conductive type semiconductor layer is a well region 
formed in the semiconductor substrate. 

In an embodiment, the first conductive type 
20 semiconductor layer is formed on the insulating layer. 

In an embodiment, the present invention further 
includes an analog circuit section and a digital circuit 
section, and the diode element is formed in the analog 
circuit section, and the analog circuit section and the 
25 digital circuit section are produced by a CMOS process. 

The present invention is provided with a first unit 
cell and a second unit cell, and the first unit cell and the 



second unit cell constitute a diode element. Thus, a first 
conductive type first semiconductor region of the first unit 
cell and a second conductive type second semiconductor 
region of the second unit cell can be arranged in close 
5 proximity to each other, so that the distance between the 
anode and the cathode can be decreased. As a result, the 
parasitic resistance of the first conductive type 
semiconductor layer can be reduced, which makes it possible 
to provide a semiconductor device including a high- 
10 performance diode element that occupies only a small area. 
When a plurality of first unit cells and a plurality of 
second unit cells are provided, the current capacity of the 
diode element can be increased by increasing the area of the 
pn junctions. 

15 Moreover, when the dimension that defines the size of 

each of the first semiconductor region and the second 
semiconductor region is substantially the same as the 
minimum dimension that is allowed by a design rule, the 
distance between the anode and the cathode can be decreased 

20 more effectively, and thus the parasitic resistance can be 
reduced effectively. Furthermore, the size of the diode 
element can be minimized, and as a result, the chip area of 
the semiconductor device can be reduced. When each of the 
first semiconductor region and the second semiconductor 

25 region is substantially square in shape, the first unit 
cells and the second unit cells can be arranged most 
efficiently under the predetermined design rule. Moreover, 



when the first unit cells and the second unit cells are 
arranged in a checkered pattern, the parasitic resistance of 
the first conductive type semiconductor layer can be reduced 
more effectively. 
5 When a gate electrode structure is formed on an 

intercell region between the first unit cell and the second 
unit cell, it is unnecessary to provide an element isolation 
region oxide film between the first unit cell and the second 
unit cell, so that an outer circumferential face of the 

10 second unit cell can be used as a pn junction face. Thus, 
the area of pn junctions can be further increased without 
increasing the element area of the diode element. When a 
gate line that is electrically connected to the gate 
electrode structure is further formed, the characteristics 

15 of the diode element can be altered by applying an 
independent voltage to the gate line. 

Even in a structure in which a plurality of second 
unit cells are formed in the first semiconductor region of 
one first unit cell, the distance between the anode and the 

20 cathode can be decreased, so that the parasitic resistance 
of the first conductive type semiconductor layer can be 
reduced. The first conductive type semiconductor layer is 
for example, formed on the second conductive type 
semiconductor layer. In the case of this structure, with 

25 the first unit cell as a base, the second unit cell as an 
emitter and the second conductive type semiconductor layer 
as a collector, a bipolar transistor element can be 



constituted by using the first unit cell and the second unit 
cell. Also in this structure, a bipolar transistor element 
having an improved current capacity can be provided because 
the parasitic resistance of the first conductive type 
5 semiconductor layer is reduced. The first conductive type 
semiconductor layer can be a well region formed in a 
semiconductor substrate. Moreover, the first conductive 
type semiconductor layer can be also formed on an insulating 
layer (or an insulating substrate). The diode element 
10 including the first unit cell and the second unit cell is 
for example, formed in an analog circuit section and 
preferably has a structure that can be produced, using the 
CMOS process. 

15 Brief Description of Drawings 

FIG. 1(a) is a schematic top view showing a diode 
element 100 included in a semiconductor device of Embodiment 
1, and FIG. 1(b) is a cross-sectional view of the diode 
element 100 taken along line b-b' of FIG. 1(a). 
20 FIGS. 2(a) to 2(e) are cross-sectional views of a 

process sequence for illustrating a method for producing the 
diode element 100. 

FIG. 3(a) is a schematic top view of a diode element 
200 included in the semiconductor device of Embodiment 1, 
25 and FIG. 3(b) is a cross-sectional view of the diode element 
200 taken along line b-b' of FIG. 3(a). 

FIGS. 4(a) to 4(f) are cross-sectional views of a 



process sequence for illustrating a method for producing the 
diode element 200. 

FIG. 5 is a circuit diagram for voltage/current 
characteristics of a diode. 
5 FIG. 6 is a graph showing the measurement results of 

voltage/current characteristics of the diode measured with 
the circuit shown in FIG. 5. 

FIG. 7 is a graph showing an enlarged portion where an 
applied voltage is around 0.7V in the graph of FIG. 6. 
10 FIG. 8 is a graph showing the range of 0.6V to l.OV as 

the applied voltage in the graph of FIG. 6. 

FIG. 9(a) is a schematic top view showing a diode 
element 300 included in a semiconductor device of Embodiment 
2, and FIG. 9(b) is a schematic cross-sectional view of the 
15 diode element 300 taken along line b-b' of FIG. 9(a). 

FIGS. 10(a) to 10(f) are cross-sectional views of a 
process sequence for illustrating a method for producing the 
diode element 300. 

FIG. 11(a) is a schematic top view showing a bipolar 
20 transistor element 400 included in a semiconductor device of 
Embodiment 3, and FIG. 11(b) is a schematic cross-sectional 
view of the bipolar transistor element 400 taken along line 
b-b' of FIG. 11(a). 

FIG. 12 is another schematic cross-sectional view 
25 showing the bipolar transistor element 400. 

FIG. 13 is a schematic cross-sectional view showing a 
bipolar transistor element 450. 



FIG. 14(a) is a schematic top view showing a diode 
element 500 included in a semiconductor device of Embodiment 
4, and FIG. 14(b) is a schematic cross-sectional view of the 
diode element 500 taken along line b-b' of FIG. 14(a). 
5 FIG. 15(a) is a schematic top view showing a diode 

element 1000, and FIG. 15(b) is a schematic cross-sectional 
view of the diode element 1000 taken along line b-b' of FIG. 
15(a). 

10 Best Mode for Carrying Out the Invention 

Hereinafter, embodiments of the present invention will 
be described with reference to the accompanying drawings. 
In the following drawings, for simplification, elements 
having substantially the same function bear the same 
15 reference numerals. 

(Embodiment 1) 

Hereinafter, Embodiment 1 of the present invention 
will be described with reference to FIGS. 1 to 6. A 

20 semiconductor device of this embodiment is a device 
including a semiconductor integrated circuit and, for 
example, is an analog/digital mixed LSI produced by a CMOS 
process. The semiconductor device of this embodiment 
includes a diode element 100 shown in FIG. 1 in the 

25 semiconductor integrated circuit. FIG. 1(a) is a schematic 
top view showing the diode element 100, and FIG. 1(b) is a 
schematic cross-sectional view of the diode element 100 
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taken along line b-b' of FIG. 1(a). 

The diode element 100 has a first conductive type 
semiconductor layer 30, and first unit cells 10 and second 
unit cells 20 formed in the first conductive type 
5 semiconductor layer 30. The first conductive type 
semiconductor layer 30 is for example, an N-well region (NW) 
30 formed in a P-type semiconductor substrate 60. The first 
conductive type semiconductor layer 30 is not limited to the 
first conductive type well region, but may be, for example, 

10 a first conductive type semiconductor substrate or a first 
conductive type semiconductor layer formed on a second 
conductive type semiconductor substrate. Moreover, in this 
embodiment, the N-well region 30 is used as the first 
conductive type semiconductor layer, but it can be replaced 

15 by a P-well region. 

The first unit cell 10 has a first conductive type 
first semiconductor region 12 formed in the N-well region 30 
and a contact region 14 for electrically connecting the 
first semiconductor region 12 to a line 50. In this 

20 embodiment, the first conductive type first semiconductor 
region 12 is an N"" diffusion region, and the diffusion 
region 12 is electrically connected to the line 50 through a 
contact section 52 joined to the contact region 14 provided 
on the surface thereof. On the other hand, the second unit 

25 cell 20 has a second conductive type second semiconductor 
region 22 formed in the N-well region 30 and a contact 
region 24 for electrically connecting the first 
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semiconductor region 10 to the line 50. In this embodiment, 
the second conductive type second semiconductor region 22 is 
a P"^ diffusion region, and the diffusion region 22 is 
electrically connected to the line 50 through the contact 
section 52 joined to the contact region 24 provided on the 
surface thereof. When a P-well region is formed as a first 
conductive type semiconductor layer, the first conductive 
type first semiconductor region 12 can be used as the P 
diffusion region and the second conductive type second 
semiconductor region 12 can be used as the diffusion 
region. 

In this embodiment, the first unit cell 10 and the 
second unit cell 20 are arranged with a predetermined 
distance (e.g., about 2\im) to each another. In order to 
separate the first unit cell 10 (N^^ diffusion region 12) and 
the second unit cell 20 (P* diffusion region), an element 
isolation region oxide film (a field oxide film) 32 is 
formed in an intercell region (an element isolation region) 
between the first unit cell 10 and the second unit cell 20 
in the N-well region 30. Moreover, a P-well region (PW) 36 
is formed around the N-well region 30, and a P"" diffusion 
region 34 is formed in the P-well region 36 so as to 
surround the outer circumference of the element isolation 
region oxide film 32 that separates the first unit cell 10 
and the second unit cell 20. 

The N"" diffusion region 12 of the first unit cell 10 
and the P* diffusion region 22 of the second unit cell 20 
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are formed in the N-well region 30, and the P"" diffusion 
region 22 forms a pn junction with the N-well region 30. 
Thus, the function as a diode can be realized by using the 
second unit cell 20 (the P"" diffusion region 22) as an anode 
and the first unit cell 10 (the diffusion region 12) as a 
cathode . 

In the diode element 100 of this embodiment, unlike 
the above-described diode element 1000, the first unit cell 
10 and the second unit cell 20 constitute a diode, so that 
the distance between the anode and the cathode is shorter 
than that of the diode element 1000. Thus, a parasitic 
resistance 40 present in the N-well region 30 can be reduced 
more significantly than in the structure of the diode 
element 1000. In other words, since the first unit cell 10 
and the second unit cell 20 can be laid out in the N-well 
region 30 so as to be in close proximity to each other, 
current flows through the N-well region 30 where the 
parasitic resistance 40 exists in a shorter distance. As a 
result, the parasitic resistance 40 can be reduced. When 
the parasitic resistance 40 is reduced, a significant 
decrease of the current capacity of the diode element 100 
can be prevented even if the diode current (ID) is increased, 
and therefore a semiconductor device provided with the high- 
performance diode element 100 having a high current capacity 
per unit area can be provided. Moreover, since the diode 
element 100 has a higher current capacity per unit area than 
the diode element 1000, it can be formed in a smaller area. 
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In this embodiment, a plurality of first unit cells 10 
and a plurality of second unit cells 20 are formed in the N- 
well region 30. Thus, the current capacity of the diode 
element can be increased by increasing the pn junction area. 
5 In an example shown in FIG. 1, four first unit cells 10 and 
five second unit cells 20 are arranged two-dimensionally (in 
a matrix form), but not limited thereto. It is also 
possible to provide a larger number of first unit cells 10 
and second unit cells 20. Moreover, the line 50 may not be 

10 connected to all of the plurality of first unit cells 10 and 
all of the plurality of second unit cells 20. The line 50 
can be connected to a required number of unit cells (10 or 
20) in accordance with required characteristics of the diode 
element. Thus, a desired diodicity can be obtained by using 

15 arbitrary unit cells, which is advantageous in that 
designing the diode element can be easy. 

When the N* diffusion region 12 of the first unit cell 
10 and the diffusion region 22 of the second unit cell 20 
are constituted so as to be as small in size as possible, 

20 the distance between the anode and the cathode can be 
decreased further. As a result, the parasitic resistance 40 
can be reduced effectively. Moreover, also the size of the 
diode element 100 can be reduced and the chip area of a 
semiconductor device can be also reduced. Therefore, it is 

25 preferable that the dimension that defines the size of each 
of the N* diffusion region 12 and the diffusion region 22 
(e.g., the length of each side of the square) is 



substantially the same as the minimum dimension that is 
allowed by the design rule. 

In this embodiment, when the minimum dimension that is 
allowed by the design rule for producing the N* diffusion 
5 region 12 and the diffusion region 22 is about l.A\m, the 
dimension that defines the size of each of the diffusion 
region 12 and the diffusion region 22 is set to be 

substantially the same as that, for example, about 2\m. In 
other words, they are set to the optimum (the smallest) size 
I. 10 in light of non-uniformity during the production process and 
the like. 

The n"^ diffusion region 12 of the first unit cell 10 
and the P* diffusion region 22 of the second unit cell 20 
viewed from the normal line direction of the substrate are 
= 15 for example, square in shape. This is because, when the 

diffusion region 12 and the P* diffusion region 22 are set 
to be square in shape, the first unit cell 10 and the second 
unit cell 20 can be arranged most efficiently within the 
predetermined design rule. However, the diffusion region 

20 12 and the P^ diffusion region 22 are not required to be 
geometrically precise square, but it is sufficient that they 
are substantially square in shape. For example, they may 
have curved corners or the length of each side may not be 
precisely equal to each other. Moreover, the shape is not 

25 necessarily square and, for example, each of the 

diffusion region 12 and the P^ diffusion region 22 may be 
regular hexagon in shape as in a honeycomb structure. 
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Furthermore, the N"" diffusion region 12 and the P"^ diffusion 
region 22 can be also circular or elliptic in shape. 

In addition, in this embodiment, the first unit cells 
10 and the second unit cells 20 are arranged alternately. 
5 For example, they are arranged in a checkered pattern (or, 
for example, a pattern of a chessboard). When the first 
unit cells 10 and the second unit cells 20 are arranged in a 
checkered pattern, the distance between each of the first 
unit cells 10 and each of the second unit cells 20 can be 

10 decreased. Therefore, it is advantageous in that the 
parasitic resistance 40 can be reduced even if the plurality 
of first unit cells 10 and the plurality of second unit 
cells 20 are provided. 

According to the structure of the diode 100, voltage 

15 drop due to the parasitic resistance 40 can be reduced and 
the current capacity per unit area can be significantly 
improved. Moreover, since the it diffusion region and the 
diffusion region that constitute a diode are constituted 
with the first unit cell 10 and the second unit cell 20, 

20 respectively, circuit design can be performed based on the 
unit cell. Thus, an advantage of the improved convenience 
during design of a diode that has required characteristics 
(desired characteristics) can be obtained. Therefore, the 
diode element 100 can be preferably used, for example, as an 

25 element of a bandgap reference circuit in an analog circuit 
section. 

Next, an example of methods for producing the diode 
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100 of this embodiment will be described with reference to 
FIGS. 2(a) to 2(e). The diode 100 is produced, for example, 
by using a typical CMOS process, and can be produced by 
using the same process as that for a digital circuit section 
of a semiconductor integrated circuit. 

First, for example, a P-type semiconductor substrate 
(e.g., a P-type silicon substrate) 60 is prepared as shown 
in FIG. 2(a), and then, element isolation region oxide films 
32 are selectively formed partially in the substrate 60 from 
the surface thereof to a predetermined depth as shown in FIG. 
2(b). 

Next, as shown in FIG. 2(c), an N-well region (NW) 30 
is formed as a first conductive type semiconductor layer, 
for example, by ion- implantation . In this step, a P-well 
region 36 that is positioned around the N-well region 30 is 
also formed. 

Next, as shown in FIG. 2(d), N^ diffusion regions 12 
(first unit cells 10) and P"^ diffusion regions 22 (second 
unit cells 20) are selectively foirmed partially in the N- 
well region 30. The N* diffusion regions 12 and the P* 
diffusion regions 22 may be formed, for example, by ion- 
implantation . 

Next, as shown in FIG. 2(e), after depositing an 
insulating film 54 on the substrate 60, contact holes are 
formed selectively on the insulating film 54, and then, a 
line 50 (including contact sections 52) is formed. Since 
the contact sections 52 of the line 50 are joined to each of 



the contact sections 12 of the first unit cells 10 and the 
contact sections 22 of the second unit cells 20, each of the 
first unit cells 10 and the second unit cells 20 are 
electrically connected to the line 50. Thus, the diode 
5 element 100 can be obtained. 

In the diode element 100, the element isolation region 
oxide film 32 is formed in the intercell region between the 
first unit cell 10 and the second unit cell 20. However, it 
is also possible to constitute a diode element 200 in which 

10 a gate electrode structure 70 is formed on the intercell 
region as shown in FIGS. 3(a) and 3(b), without forming the 
element isolation region oxide film 32. The gate electrode 
structure 70 includes an insulating layer (e.g., a gate 
oxide film) 72 and a conductive layer (e.g., a polysilicon 

15 layer) 74 formed thereon, and has a structure that can be 
produced by using the typical CMOS process. 

In the diode element 200 shown in FIG. 3, the gate 
electrode structure 70 is provided on the intercell region, 
and thus the diffusion regions 12 of the first unit cells 

20 10 and the diffusion regions 22 of the second unit cells 
20 can be separated from each other without forming the 
element isolation region oxide film 32. Therefore, in 
addition to the area of the bottom surfaces of the 
diffusion regions 22, the area of the outer circumferential 

25 surfaces of the P"^ diffusion regions 22 can contribute to 
the area of the pn junction, so that the area of the pn 
junction can be increased. Moreover, the gate electrode 



structures 70 can be formed with the CMOS process. This is 
of a great advantage in that the gate electrode structures 
70 of the diode element 200 can be formed by using the same 
process as that of the analog circuit section. 
5 Moreover, in the diode element 200, a gate line (not 

shown) can be also electrically connected to the gate 
electrode structures 70 positioned on the N-well region 30. 
When a gate line is provided in the gate electrode 
structures 70 and a voltage (Vdd) of the high potential side 
10 is applied to the gate line as an independent potential, it 
i is possible to make it difficult to apply a reverse bias 

I during a diode operation. Therefore, the formation of a 

n depletion layer can be prevented, and as a result, a 

reduction in the area of the pn junction can be suppressed. 
J: 15 The diode element 200 can be produced as shown in FIGS. 

4 4(a) to 4(b), for example, by using the typical CMOS process. 

In this example, the diode element 200 having a structure in 
which a gate line 56 is formed on the gate electrode 
structure 70 is produced. 
20 First, for example, a P-type semiconductor substrate 

(e.g., a P-type silicon substrate) 60 is prepared as shown 
in FIG. 4(a), and then, element isolation region oxide films 
32 are selectively formed partially in the substrate 60 from 
the surface thereof to a predetermined depth as shown in FIG, 
25 4(b). Unlike the example shown in FIG. 2, it is unnecessary 
to form the element isolation region oxide film 32 in a 
portion that will be formed into an N-well region (NW) 30, 
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because a gate electrode structure 70 will be formed in a 
subsequent step (see FIG. 4(d)). 

Next, as shown in FIG. 4(c), the N-well region (NW) 30 
is formed as a first conductive type semiconductor layer, 
5 for example, by ion-implantation. In this step, a P-well 
region 36 that is positioned around the N-well region 30 is 
also formed. 

Next, as shown in FIG. 4(d), the gate electrode 
structure 70 is formed in a portion that will be an 

10 intercell region between the first unit cell 10 and the 
second unit cell 20. The formation of the gate electrode 
structure 70 can be performed, for example , as follows. 
First, after depositing an oxide film (e.g., oxide silicon 
(SiOz)) on the substrate 60, for example, polysilicon is 

15 deposited thereon. Then, both of them are selectively 
etched to form a gate oxide film (thickness: few nanometers) 
72 and a conductive layer (polysilicon gate, thickness: 
several hundred nanometers) 74. Thus, the gate electrode 
structure 70 is formed in the intercell region. 

20 Next, as shown in FIG. 4(e), n"" diffusion regions 12 

(first unit cells 10) and diffusion regions 22 (second 
unit cells 20) are selectively formed partially in the N- 
well region 30 by using the gate electrode structures 70 as 
part of a mask. Since the gate electrode structures 70 are 

25 formed in the intercell region, the diffusion regions 12 
and the P"^ diffusion regions 22 can be formed without 
damaging the diodicity even if the element isolation region 



oxide film 32 is not formed in the N-well region 30. 

Next, as shown in FIG. 4(f), after depositing an 
insulating film 54 on the substrate 60, contact holes are 
formed selectively in the insulating film 54, and then a 
line 50 (including contact sections 52) and a gate line 56 
are formed. The contact sections 52 of the line 50 are 
joined to each of the contact sections 14 of the first unit 
cells 10 and the contact sections 24 of the second unit 
cells 20. The gate line 56 is electrically connected to the 
conductive layer 74 of the gate electrode structure 70. 
Thus, the diode element 200 can be obtained. 

FIG. 5 shows a circuit for the voltage/current 
characteristics of a diode, and FIG. 6 shows the measurement 
results of the voltage/current characteristics of the diode 
measured with the circuit shown in FIG- 5. The vertical 
axis in FIG. 6 shows the current per unit area (logarithmic 
scale) and the horizontal axis shows the applied voltage. 
The solid line in FIG. 6 shows the result obtained when the 
diode element 200 of the present invention is used, in which 
the voltage is not applied to the gate electrode structure 
70 of the diode element 200. On the other hand, the broken 
line in FIG. 6 shows the result obtained when the diode 
element 1000 (a comparative example ) shown in FIG. 15 is used. 

FIG. 6 indicates that at any applied voltage Vd within 
the operating range of a diode, the diode element 200 of the 
present invention shows more excellent characteristics than 
the diode element 1000. 
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FIG. 7 Shows an enlarged portion where the applied 
voltage is around 0.7V in the graph of FIG. 6. As shown in 
FIG. 7, when the applied voltage is 0.7V, the current per 
unit area of the diode element 200 is about 2.3 times higher 
than that of the diode element 1000 (the comparative 
example). In other words, it can be understood that the 
diode element 200 of the present invention has excellent 
characteristics . 

FIG. 8 is a graph showing the range of 0.6V to l.OV as 
the applied voltage in the graph of FIG. 6, which is 
represented with a vertical axis with decimal scale. As can 
be understood from FIG. 8, as the applied voltage becomes 
higher, the difference between the current capacity of the 
diode element 200 of the present invention and the current 
capacity of the diode element 1000 (the comparative example) 
increases because of the influence of the parasitic 
resistance of the N-well region. From these results, it can 
be understood that, in the diode element 200 of this 
embodiment, the current per unit area (a diode current ID) 
can be increased, while the influence of the parasitic 
resistance 40 of the N-well region 30 is suppressed to be as 
low as possible. In FIGS. 7 and 8, "E-X" on the vertical 
axes means 10"^, and for example, 1.0E-05[A] represents 
1.0xl0-=[A]. 

(Embodiment 2) 

Embodiment 2 of the present invention will be 
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described with reference to FIGS. 9 and 10. FIG. 9(a) is a 
schematic top view showing a diode element 300 of a 
semiconductor device of this embodiment, and FIG. 9(b) is a 
schematic cross-sectional view of the diode element 300 
5 taken along line b-b' of FIG. 9(a). 

The diode element 300 of this embodiment is different 
from the diode elements 100 or 200 of Embodiment 1 that are 
formed in the N-well region 30, in that it is formed in a 
semiconductor region of an SOI (silicon on insulator) 

10 substrate. In other words, this embodiment uses a first 
conductive type semiconductor layer (semiconductor region) 
30 formed on an insulating film (or an insulating substrate) 
62 as the first conductive type semiconductor layer. The 
first conductive type semiconductor layer 30 may be an N- 

15 type semiconductor layer or a P-type semiconductor layer. 
For simplification of description of this embodiment, 
hereinafter (including the following embodiments), the 
aspects different from those in Embodiment 1 will be mainly 
described, and description of the same aspects are either 

20 omitted or simplified. 

A diode element 300 includes first unit cells 10 and 
second unit cells 20 in a first conductive type 
semiconductor layer 30 (thickness: e.g., about 5nm) that is 
formed on an insulating film (for example, a buried oxide 

25 film, thickness: e.g., about lOOnm) €2. A gate electrode 
structure 70 is formed in an intercell region between the 
first unit cell 10 and the second unit cell 20. The gate 



electrode structure 70 can be provided with a gate line (not 
shown). In this embodiment, an oxide film 64 for isolating 
elements is formed around the semiconductor layer 30, and a 
P-type semiconductor substrate is positioned under the 
5 insulating film (the buried oxide film) 62. Moreover, as 
well as Embodiment 1 described above, the first unit cells 
10 and the second unit cells 20 are arranged in a checkered 
pattern in the semiconductor region 30. 

In the diode element 300, N* diffusion regions 12 of 
b 10 the first unit cells 10 and P"^ diffusion regions 22 of the 
6 second unit cells 20 are formed in the semiconductor region 

CO (semiconductor layer 30) of the SOI substrate where the N- 

fU well region and the P-well region are not formed. Therefore, 

the area of the outer circumferential surface of each of the 

hi 

Li 15 diffusion regions 12 and the P^ diffusion regions 22 

[5 contributes to the area of the pn junction, so that the area 

of the pn junction can be increased. As a result, the 
current capacity of the diode element can be improved. 
Moreover, in the structure of the diode element 300 as well 
20 as in the case of the above embodiment, the first unit cells 
10 and the second unit cells 20 can be arranged in close 
proximity to each other so that a parasitic capacitance 40 
of the semiconductor layer 30 can be reduced. 

The diode element 300 can be produced, for example, as 
25 shown in FIGS. 10(a) to 10(f). In this example, a diode 
element including a gate line 56 that is formed on a gate 
electrode structure 70 is produced. 
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First, as shown in FIG. 10(a), for example, an SOI 
substrate provided with a buried oxide layer (Si02 film) 62 
on a P-type semiconductor substrate (a P-type silicon 
substrate) 60 and a semiconductor region (a semiconductor 
layer) 30 formed thereon is prepared. 

Next, as shown in FIG. 10(b), an insulating film 64 
for isolating elements is selectively formed partially in 
the semiconductor region 30 of the SOI substrate, and then a 
gate electrode structure 70 is fomed in a portion that will 
be an intercell region between the first unit cell 10 and 
the second unit cell 20 as shown in FIG. 10(c). 

Next, as shown in FIG. 10(d), Jit diffusion regions 12 
(first unit cells 10) and P* diffusion regions 22 (second 
unit cells 20) are selectively formed partially in the 
semiconductor layer 30 by using the gate electrode 
structures 70 as part of a mask. When the SOI substrate is 
used as in this embodiment, a method of forming the gate 
electrode 70 without forming an element isolation region 
oxide film is more preferable in the production process than 
a method of forming the element isolation region oxide film 
32 as in the diode element 100 of Embodiment 1 described 
above. 

Next, as shown in FIG. 10(f), after depositing an 
insulating film 54 on the SOI substrate, contact holes are 
formed selectively in the insulating film 54, and then, a 
line 50 (including contact sections 52) and a gate line 56 
are formed. Thus, the diode element 300 can be obtained. 
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(Embodiment 3) 

Embodiment 3 of the present invention will be 
described with reference to FIGS. 11 to 13. In the above 
embodiments, a diode element is constituted by using the 
first unit cells 10 and the second unit cells 20, but it is 
also possible to constitute a bipolar transistor element by 
utilizing this constitution. FIG. 11(a) is a schematic top 
view showing the bipolar transistor element 400 included in 
a semiconductor device of this embodiment, and FIG. 11(b) is 
a schematic cross-sectional view of the bipolar transistor 
element 400 taken along line b-b' of FIG. 11(a). 

As shown in FIGS. 11(a) and 11(b), the bipolar 
transistor element 400 can be constituted by using the first 
unit cell 10, the second unit cell 20 and a P-type 
semiconductor substrate (a second conductive type 
semiconductor layer) 60 in the structure of the diode 
element 100 of Embodiment 1 as a base, an emitter and a 
collector, respectively. FIG. 12 is another schematic view 
showing the bipolar transistor element 400 for further 
clarification of the relationship among the base (B), the 
emitter (E) and the collector (C). 

In the bipolar transistor element 400 shown in FIG. 11, 
a line 50a for the emitter is electrically connected to a 
contact region 24 of the second unit cell 20, and a line 50b 
for the base is electrically connected to a contact region 
14 of the first unit cell 10. A line 50c for the collector 
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is electrically connected to a P+ diffusion region 34 formed 
in a P-well region 36 adjacent to an N-well region 30, 
whereby the line 50c for the collector and the P-type 
semiconductor substrate 60 are electrically connected to 
each other. 

In the bipolar transistor element 400, either of the 
first unit cell 10 or the second unit cell 20 is used as the 
base (B) or the emitter (E). As is explained in the above 
embodiments, since the first unit cells 10 and the second 
unit cells 20 can be arranged in close proximity to each 
other, the parasitic resistance 40 of the N-well region 30 
can be reduced. As a result, a bipolar transistor element 
having excellent current characteristics can be provided. 
In the structure shown in FIG. 11, the element isolation 
region oxide films 32 are provided between the first unit 
cells 10 and the second unit cells 20. However, it is of 
course possible to provide a gate electrode structure 70 in 
the intercell region without providing the element isolation 
region oxide film 32. 

Furthermore, as shown in FIG. 13, it is also possible 
to constitute a bipolar transistor element 450 with a 
double-well type structure. More specifically, an N-well 
region 31 is formed in the P-type semiconductor substrate 60 
as a second conductive type semiconductor layer, and a P- 
well region 30 is formed in the N-well region 31 as a first 
conductive type semiconductor layer. In such a double-well 
type structure, a bipolar transistor element can be 



constituted by providing the first unit cell (the base) 10 
and the second unit cell (the emitter) 20 in the P-well 
region 30 as the first conductive type semiconductor layer, 
and using the N-well region as the collector. Even in this 
5 structure as well as in the bipolar transistor element 400, 
the parasitic resistance of the P-well region 30 can be 
reduced, so that a bipolar transistor having excellent 
current characteristics can be provided. 

I* 

Q 10 (Embodiment 4) 

O 

O Embodiment 4 of the present invention will be 

ffl described with reference to FIG. 14. In the foregoing 

III embodiments, the first unit cells 10 and the second unit 

M= cells 20 are arranged in a checkered pattern (e.g., see FIG. 

k== 15 1) in order to arrange the first unit cells 10 and the 
O second unit cells 20 alternately in the first conductive 

type semiconductor layer 30. However, in this embodiment, a 
comparatively large first unit cell 10 is formed in the 
first conductive type semiconductor layer 30, and second 
20 unit cells 20 are fomed in the first unit cell 10. 

FIG. 14(a) is a schematic top view showing a diode 
element 500 included in a semiconductor device of this 
embodiment, and FIG. 14(b) is a schematic cross-sectional 
view of the diode element 500 taken along line b-b' of FIG. 
25 14(a). The diode element 500 includes a first unit cell 10 
in a first conductive type semiconductor layer (N-well) 30 
and a plurality of second unit cells 20 formed in the first 
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unit cell 10. In this embodiment, the first unit cell 10 
viewed from the normal line direction of the substrate is 
for example, square in shape (the length of each side: about 
5fm) , and the second unit cells 20 are also square in shape 
5 (the length of each side: about 25^m) . For example, four 
second unit cells 20 are formed in the first unit cell 10. 
A spacing 15 between the first unit cell 10 and the second 
unit cells 20 is for example, about 2im. 

Even in the structure of the diode element 500, the 

10 distance from the center of an it diffusion region 12 
serving as a cathode to a diffusion region 22 serving as 
an anode can be shorter than that in the structure of the 
diode element 1000 shown in FIG. 15. Therefore, the 
parasitic resistance of the first conductive type 

15 semiconductor layer (the N-well region) 30 can be reduced, 
so that a diode element having an improved current capacity 
per unit area can be provided. 

Industrial Applicability 

20 According to the present invention, a semiconductor 

device including a high-performance diode element that 
occupies only a small area can be provided. Since the high- 
performance diode element that occupies only a small area 
can be used preferably, for example, as an element of an 

25 analog circuit section of an analog/digital mixed LSI that 
is realized by a CMOS process, a semiconductor device having 
higher-performance and a smaller chip area can be provided. 



CLAIMS 



1. A semiconductor device comprising: 

a first conductive type semiconductor layer; 
5 at least one first unit cell including a first 

conductive type first semiconductor region formed in the 
first conductive type semiconductor layer and a contact 
region for electrically connecting the first semiconductor 
region to a line; and 

10 at least one second unit cell including a second 

conductive type second semiconductor region formed in the 
first conductive type semiconductor layer and a contact 
region for electrically connecting the second semiconductor 
region to a line, 

15 wherein the first unit cell and the second unit cell 

act as a diode element in cooperation. 

2. The semiconductor device according to claim 1, 

wherein the at least one first unit cell is a 
20 plurality of first unit cells and the at least one second 
unit cell is a plurality of second unit cells. 

3 . The semiconductor device according to claim 1 or 2 , 

wherein a dimension that defines a size of each of the 
25 first semiconductor region and the second semiconductor 
region is substantially a same as a minimum dimension that 
is allowed by a design rule for the semiconductor device. 
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4. The semiconductor device according to any of claims 1 to 
3, 

wherein each of the first semiconductor region and the 
second semiconductor region viewed from a normal line 
direction is substantially square in shape. 

5. The semiconductor device according to any of claims 1 to 
4, 

wherein the first unit cells and the second unit cells 
are arranged in a checkered pattern in the first conductive 
type semiconductor layer. 

6. The semiconductor device according to any of claims 1 to 
5f 

wherein the first unit cell and the second unit cell 
are arranged in the first conductive type semiconductor 
layer with a predetermined distance to each other, and 

on an intercell region that is positioned between the 
first unit cell and the second unit cell in the first 
conductive type semiconductor layer, a gate electrode 
structure including at least an insulating layer formed on 
the cell region and a conductive layer formed on the 
insulating layer is formed. 



7. The semiconductor device according to claim 6, further 
comprising a gate line electrically connected to the gate 
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electrode structure. 



8. The semiconductor device according to claim 1, 

wherein a plurality of second unit cells are formed in 
5 the first semiconductor region of one first unit cell. 

9. The semiconductor device according to any of claims 1 to 
8, further comprising a second conductive type semiconductor 
layer, 

10 wherein the first conductive type semiconductor layer 

is formed on the second conductive type semiconductor layer. 

10. The semiconductor device according to claim 9, 

wherein the first unit cell formed in the first 
15 conductive type semiconductor layer is used as a base, and 
the second unit cell is used as an emitter, and the second 
conductive type semiconductor layer is used as a collector. 

11. The semiconductor device according to claim 9 or 10, 

20 wherein the second conductive type semiconductor layer 

is a semiconductor substrate, and 

the first conductive type semiconductor layer is a 
well region formed in the semiconductor substrate. 

25 12. The semiconductor device according to any of claims 1 
to 8, 

wherein the first conductive type semiconductor layer 
34 



is formed on an insulating layer. 

13. The semiconductor device according to any of claims 1 
to 12, further comprising an analog circuit section and a 
5 digital circuit section, 

wherein the diode element is formed in the analog 
circuit section, and 

the analog circuit section and the digital circuit 
section are produced by a CMOS process. 
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